Abstract: The objective of this study was to analyze different types of nodal basin recurrence after sentinel lymph node biopsy (SLNB) for melanoma.
INTRODUCTION
L ymph node excision in melanoma pursues 3 goals: staging, regional disease control, and cure. Before the introduction of sentinel lymph node (SLN) biopsy (SLNB), a so-called delayed lymph node dissection was the clinical standard in many European countries. We performed this type of therapeutic lymphadenectomy on patients with initially unsuspicious lymph nodes who developed clinically enlarged lymph node metastases in the later course of their disease. The advantage of this ''wait and watch'' strategy was that only those patients with lymphatic metastasis were exposed to the risk of significant morbidity after radical lymphadenectomy. 1 However, nodal basin recurrence was a frequent complication at the time. [2] [3] [4] [5] [6] In one study, lymph nodes larger than 6 cm led to a failure rate of 80%, compared to 42% for nodes 3 to 6 cm and 24% for nodes smaller than 3 cm. 7 Cutaneous ulceration, lymph edema, disfigurement, or pains are typical symptoms of nodal basin recurrence that may considerably impair the quality of life of the affected individuals.
Nowadays, owing to the SLN procedure, lymphatic melanoma metastases can be excised early when the nodal tumor burden is low. Two types of nodal basin recurrence are of interest after SLNB: (1) local recurrence after tumor-negative SLNB, which concerns the false-negative (FN) rate and the sensitivity of SLNB as a staging procedure and (2) local recurrence after positive SLNB plus subsequent completion lymph node dissection (CLND), which determines the chances of local disease control in patients with nodal metastases. Improved nodal basin control rates after positive SLNB þ CLND might be an important argument in favor of the SLN procedure. Indeed, in a meta-analysis, only 7.5% of the patients undergoing SLNB þ CLND experienced recurrences in the same nodal basin. 8 Unfortunately, however, most of the studies included were limited by their exclusive analysis of percentages of recurrence. In the present retrospective study, we consequently applied the Kaplan-Meier method. This allowed us to provide the cumulative proportion of false-negativity after SLNB for the first time. This approach was predicted to improve the comparability with other studies and to allow for further assessment of risk by using the appropriate statistical methods, such as log-rank tests and the Cox proportional hazards model.
PATIENTS AND METHODS

Patients and Clinical Procedures
From 1998 to 2010, a total of 2653 melanoma patients received a successful SLNB at the tertiary-care dermatological clinics of Augsburg, Göttingen, and Hannover, Germany. Clinical and histological data of the patients were collected, using electronic databases. Concerning lymphatic mapping and SLNB, details of our technical approaches and histological methods used have been published elsewhere. 9, 10 In accordance with the recent American Joint Committee on Cancer classification, in this paper the term ''SLN metastasis'' refers to the presence of melanoma cells in an SLN irrespective of their number and distribution. 11 We routinely registered the maximum distance of intranodal melanoma cells from the interior margin of the nodal capsule (tumor penetrative depth (TPD)). The underlying S-classification categorizes the TPD into 0.30 mm, 0.31 to 1.00 mm, and > 1.00 mm (s1-s3). 9 Patients with pathologically positive SLNs were offered a CLND, which was carried out according to established standard techniques. In patients with neck metastases, either modified radical neck dissection or different types of selective neck dissection were performed. Axillary dissection comprised dissection of levels I to III. In patients with groin metastases, either an inguinal dissection or the more extended ilioinguinal dissection was performed.
Lymph node recurrence in the same basin after initially negative SLNB was counted as FN result. We recorded both isolated nodal recurrences and nodal recurrences occurring after other kinds of recurrence. Local recurrence after tumor-positive SLNB and subsequent CLND (SLNB þ CLND) was defined as any nodal or nonnodal recurrence within the surgical bed of the nodal dissection. The patients were routinely monitored according to national guidelines. 12 The institutional review board in Göttingen approved this retrospective study.
Statistics
We recorded the following variables related to patient demographics and tumor parameters: age at the time of primary diagnosis, gender, location of the primary melanoma, Breslow thickness, ulceration of the primary melanoma, pathologic status of the SLN, the TPD into the SLN, the number of tumor-involved lymph nodes, and the pathologic status of the CLND. The outcome variables for which data were collected were melanoma-specific overall survival, time to recurrence in the regional nodal basin, and time to in-transit metastases. The negative predictive value of the sentinel node biopsy and the FN rate were calculated according to their mathematical definitions. Moreover, we provided an ''estimated negative predictive value'' and an ''estimated FN rate'', as calculated by the Kaplan-Meier method. The estimated FN rate was calculated as follows: we created the outcome variable including the time to nodal basin recurrence for the FNs (uncensored observations) and the overall survival time for the SLN-positives (censored observations, event ''FN'' did not occur). This way, the cumulative proportion of patients with lymph node metastasis diagnosed by SLNB can be estimated using the Kaplan-Meier approach. The ''estimated FN rate'' was obtained by subtracting this proportion from 100%. Nodal basin recurrence rates among different risk groups were analyzed using the log-rank test and Cox proportional hazards regression models. Individual model covariates were characterized by the adjusted relative risk (RR) and by 95% confidence intervals (95% CI) on the hazard ratio scale. For analysis of metric data comparing two independent groups, the t test (for normally distributed variables) or the nonparametric Mann-Whitney test were used. We performed the Mann-Whitney test for ordinal variables. The Kruskal-Wallis Test was used to compare !3 independent groups of sampled data. The significance level was set to a ¼ 5% (2-sided). Survival analyses and descriptive statistics were calculated using the software ''Statistica'' (version 10.0, StatSoft).
RESULTS
Risk Profile of the Studied Population
Of the 2653 patients included, 289 (11%) had a primary melanoma on the head or neck, 1021 patients (38%) had truncal melanomas, and 1343 patients (51%) had extremity-located primary tumors. There was a relatively equal distribution of the sexes (51.5% male). The median age was 60.8 years (range 6-93 years); the median Breslow thickness was 1.6 mm (range 0.3 mm-20 mm, mean 2.32 AE 2.1 mm). Of the 2048 patients with available information on ulceration, 25.9% were ulcerated. After the SLN procedure, 691 patients (26%) were assessed as SLN-positive. Of these, 458 (66%) received a CLND. Of the CLNDs, 116 (25.3%) were tumor-positive. In patients undergoing SLNB þ CLND, the mean number of excised lymph node metastases was 1.9 AE 1.6. The estimated 5-year survival rates 
Estimated Negative Predictive Value
Clinical and histological characteristics of the study population are shown in Table 1 , according to the SLN Status. After SLNB, 1965 patients were declared SLN-negative. After a mean follow-up of 52.5 AE 34.8 months, 77 patients had developed clinically evident node metastases in a nodal basin initially determined as SLN-negative. Of these, 49 displayed the enlarged lymph node metastasis as first recurrence. Considering all 77 nodal recurrences, the negative predictive value was 95.9% and the estimated 5-year local control rate was 94.6% ( Figure 1 , blue curve). Upon exclusion of the 28 patients who developed nodal recurrence after other types of melanoma recurrence, the negative predictive value was 97.7% and the ''estimated 5-year negative predictive value'' as determined by the Kaplan-Meier method was 96.4%.
Probability of Diagnosis of Nodal Metastasis by SLNB and Estimated False-Negative Rate
At the time of this analysis, a total of 768 patients had lymph node metastases in a nodal basin explored by SLNB (691 true-positives and 77 FNs including 49 FNs displaying the nodal metastasis as the first recurrence). According to the mathematical definition, the FN rate was 10%, if all nodal recurrences were considered, and 6.4% if only nodal recurrences appearing as the first recurrence were taken into account. Using KaplanMeier estimates, the estimated FN rates after 1, 2, 3, 5, and 10 years were 3.6%, 6.5%, 8.9%, 13.9%, and 17.5%, respectively. If only the isolated nodal recurrences were considered, these figures decreased to 2.5%, 4.6%, 6.4%, 8.7%, and 12.6%, respectively ( Figure 2A) .
In univariate Cox regression analysis, the probability of being FN increased with age (P ¼ 0.005) and with a lower number of SLNs excised (P ¼ 0.004). The estimated 5-year FN rate was 14% in patients with only 1 SLN, compared to 6.4% in patients with !2 SLNs excised. Older age and head or neck location were also associated with a higher FN rate (Figure 2) . The estimated FN rate did not significantly depend on the partaking institution, the Breslow index, ulceration, or sex.
In a multifactorial Cox model, we included those factors that reached significance level in univariate analysis. Although the patients' age attained borderline significance (adjusted RR 1.02 / year (95% CI: 0.998-1.034; P ¼ 0.07)), head or neck location of the primary tumor (adjusted RR 2.2 (95% CI: 1.004-4.799; P ¼ 0.48)) and a decreasing number of excised SLNs (adjusted RR 0.60 per SLN (95% CI: 0.417-0.874; P ¼ 0.007)) turned out to be independent factors predicting false-negative results of SLNB.
Importantly, the FN cases that appeared as a first recurrence displayed a significantly lower 5-year overall survival rate than the SLN-positive patients (46.9% versus 73.5%, P < 0.001). As shown in Table 1 , the FNs displayed a significantly increased probability of developing in-transit metastases during the course of the disease.
Probability of Nodal Basin Recurrence After Initially Tumor-Positive SLNB
The 5-year nodal basin recurrence rates for SLN-positive patients without CLND, with tumor-negative CLND, and with tumor-positive CLND were 15.8%, 14.5%, and 28.5%, FIGURE 1. Local control rates after SLN biopsy according to the type of lymph node surgery performed. The blue curve (including all 77 nodal recurrences in the same nodal basin after initially negative SLNB) depicts the ''estimated negative predictive value of SLNB'' > 10 years. The green and the magenta curves demonstrate the probability of a tumor-free nodal basin in the SLN-positive subpopulations with pathologically negative or positive CLND, respectively. The SLN-positive patient group without CLND (red curve) is clearly biased, because it includes, on the one hand, patients who refused radical surgery, elderly patients or patients with increased general morbidity and, on the other hand, patients showing a relatively low nodal tumor burden. CLND ¼ completion lymph node dissections, SLN ¼ sentinel lymph node, SLNB ¼ sentinel lymph node biopsy. respectively ( Figure 1) . One additional observation worthy of note was that patients who developed in-transit recurrences had a nodal basin failure rate of 52%, compared with a local failure rate after CLND of only 10.6% (P < 0.001) in patients who did not develop in-transit metastases during follow-up. In turn, the overall probability of in-transit metastases was 58.8% for patients with local recurrences after CLND and 13.9% for patients who did not experience a local recurrence (P < 0.001).
Nodal Recurrence After SLNB R CLND
Overall, the 5-year local recurrence rate after SLNB þ CLND was 18.5%. We estimated 5-year local-failure rates for axilla, groin, and neck as 17.2%, 15.5%, and 44.1%, respectively. The higher nodal basin recurrence rate after neckdissection was significant (P < 0.001). The probability of nodal basin recurrence increased with Breslow thickness (P ¼ 0.007) and with age (P ¼ 0.009). The nodal basin recurrence rate was also increased in patients with ulcerated primary tumors (P < 0.001). With respect to the SLN-related factors, deeper penetration of the metastasis into the SLN predicted the recurrence after positive SLNB þ CLND (P ¼ 0.006, Table 2, Figure 3 ). Tumor involvement of >2 SLNs (recurrence probability 32.2%, P ¼ 0.009) and pathologically positive CLND (recurrence probability 28.5%, P ¼ 0.005, Figure 2 ) also predicted local failure after positive SLNB þ CLND. Clinical institution and gender were nonsignificant. Local recurrence rates after SLNB þ CLND and the respective positivity rates of CLND for clinically relevant subgroups are displayed in Table 1 .
Using multivariate analysis, we showed that age, ulceration, head or neck location of the primary tumor, and the tumor penetration depth into the SLN were significant independent risk factors of nodal basin recurrence (Table 3) . Instead of the tumor penetration depth, we successively included 2 other nodal risk factors in the Cox model. In these models, metastatic involvement of >2 SLNs (adjusted RR 1.7 (95% CI: 1.1-2.8; P ¼ 0.03)) and a tumor-positive CLND (adjusted RR 1.8 (95%CI: 1.1-2.9; P ¼ 0.02)) were also significant predictors of local recurrence following CLND. Clinical institution, gender, and Breslow thickness were nonsignificant in these models.
DISCUSSION
In their fundamental work, Morton et al 13 established the basis for SLNB in melanoma. Using confirmative, immediate CLND as a gold standard, they found a negative predictive FIGURE 2. Proportion of node-positive patients diagnosed by sentinel lymph node biopsy (true-positives). During follow-up, the sensitivity of SLNB steadily declines due to the occurrence of nodal recurrences in patients with an initially negative SLNB (FNs, A). Older age (B), the excision of only 1 SLN (C) and head or neck location of the primary melanoma (D) are associated with a lower sensitivity of SLNB and a higher FN rate, respectively. FNs ¼ false-negative results, SLN ¼ sentinel lymph node, SLNB ¼ sentinel lymph node biopsy.
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value of 99% and an FN rate of 4.7%. This led to the abandonment of confirmative CLND in SLN-negative patients. Since then, many authors have identified the FN cases through observation of recurrences after negative SLNB and high negative predictive values between 94.2% and 98.5% have been reported. 8 Using the Kaplan-Meier method, Nowecki et al 14 determined an estimated 5-year ''nodal basin control rate'' of 91.5%. We observed a 5-year nodal basin control rate of 96.4%, supporting the high negative predictive value of the SLN procedure after long-term follow-up. Related to the initially SLN-negative subpopulation, the probability of nodal recurrence depended on Breslow thickness and ulceration of the FIGURE 3. Proportion of definitive local tumor control in the bed of completion lymph node dissection according to TPD into the sentinel lymph node. With respect to the s-category, the proportions of tumor-positive CLNDs for patients with SLNs categorized as s1, s2, or s3 were 9.3%, 11.0% and 39.0%, respectively (P < 0.001). CLND ¼ completion lymph node dissections, TPD ¼ tumor penetration depth. 15 demonstrated that the male sex is an additional risk factor of nodal recurrence after initially negative SLNB.
As counterpart to the sensitivity of SLNB, the FN rate is defined as the proportion of node-positive patients who had a tumor-negative SLNB. 16 The reported FN rates vary widely, namely between 0% and 34%. 8 Obviously, defining the FN rate as a simple fraction makes it difficult to compare the results from different studies. To improve upon this, we introduce the statistically preferable Kaplan-Meier method for estimating the cumulative proportion of node-positive patients diagnosed by SLNB. This allows for an estimation of the false-negativity over time, even when patients drop out or are studied for different lengths of time. A large metaanalysis demonstrated higher FN rates in studies with a higher average quality score. 8 Our study delivers a possible explanation for this paradoxical finding showing that the FN rate steadily increases over time. Some authors have claimed decreasing FN rates with greater experience. 17, 18 Such statements have to be handled with caution because the patients treated first have been followed for the longest period of time. This alone increases the probability of being FN. FN results after SLNB have been explained by technical factors and by the biology of the disease. 19 Errors in lymphoscintigraphy, surgery, or pathology have been demonstrated and intensely discussed. [20] [21] [22] [23] [24] This is the first study showing that the FNs have a lower number of SLNs excised when correctly compared with the SLN-positive patients. Using hybrid singlephoton emission computed tomography-computed tomography (SPECT-CT), Stoffels et al 25 demonstrated an increase of the number of excised SLNs. This might be especially useful to improve the FN rates in the head and neck area. The association of false-negativity with age, head, or neck location and with in-transit metastases has already been described by means of univariate analyses. 23,26 -28 Using multivariate analysis, we identified 3 independent predictors of the FN rate: the number of SLNs, head, or neck location of the primary melanoma, and older age.
We observed a relatively low 5-year FN rate of 8.6%, which corresponds with an SLN-positivity rate of 26%. In a new study from the National Cancer Data Base including 33,639 SLNB patients, surgery at hospitals with lower-thanexpected SLNB positivity rates was associated with decreased survival. 29 The impact of false-negativity on overall survival remains controversial. In our study, the FNs did not significantly differ from the SLN-positive patients with respect to Breslow thickness, ulceration, or gender. In agreement with one previous study, 20 but in contrast to other studies, 14, 23, 30 we observed a significantly lower overall survival of the FN patients, compared with SLN-positive patients.
Studies comparing SLNB þ CLND with delayed lymph node excision have demonstrated a survival benefit of early over delayed lymph node excision in the subgroup of patients with nodal metastases. 31 However, a significant contribution to the improved outcome resulting from the prophylactic CLND has not been proven yet. Therefore, the capacity of a CLND to provide definitive tumor control in the bed of a lymph node dissection is of prime importance. In a meta-analysis of studies providing percentages of recurrences, only 7.5% of the patients developed nodal recurrences after positive SLNB þ CLND. Using Kaplan-Meier estimates, we obtained a 5-year nodal basin recurrence rate of 18.5%. Studies dealing with therapeutic lymphadenectomy dissection of clinically enlarged lymph node metastases demonstrated nodal basin recurrence rates varying between 25% and 52%. [2] [3] [4] [5] [6] [7] 32 Thus, the nodal basin recurrence probabilities after SLNB þ CLND seem to be better than those reported after therapeutic lymphadenectomy for enlarged node metastases. However, even after SLNB þ CLND, some subgroups of patients displayed a high probability of nodal basin recurrence (Table 2 ). In the actual target group of CLND, that is, patients with positive non-SLNs, the goal of definitive local disease control was not achieved in 28.5% of cases. The number of lymph node metastases was positively associated with nodal basin relapse. Using multivariate analysis, we estimated a 3.5-fold increased relative risk of nodal recurrence for patients with neck dissections (recurrence rate 44%). Guggenheim et al 33 observed neck recurrences in 33% of cases. In view of the diversity of the lymphoscintigraphic results in the neck region, the appropriateness of the commonly performed types of neck dissections requires further research. In multivariate analysis, older age, ulceration, and increasing tumor penetration depth into the SLN turned out as additional risk factors of local recurrence after SLNB þ CLND (Table 3) . In this context, the tumor penetration depth is an outstanding feature, because it is the only SLN-related factor that allows predicting the risk of non-SLN metastases as well as the nodal basin recurrence probability already before a CLND. Importantly, young patients and patients with thin primary tumors had a relatively favorable ratio of tumor-positive CLND to nodal basin recurrence after CLND. With 768 node-positive patients analyzed statistically, we present one of the largest studies dealing with nodal basin recurrences after SLNB. Some limitations have to be considered: the study has a retrospective design. The extent of neck and groin dissection depended on the personal experience of the treating surgeons and we were not able to differentiate between different types of CLND in these regions. In-transit metastasis as a possible cause of nodal basin recurrence must be questioned, because any melanoma recurrence probably increases the risk of other types of recurrence.
CONCLUSIONS
We show that false-negativity after SLNB increases over time, indicating that this parameter should be estimated by the Kaplan-Meier method. It is well known that the risk of any nodal basin recurrence depends on the biology of a given tumor and on technical or individual factors. This study adds the observation that the number of SLNs excised is inversely associated with the FN rate. The beneficial effect of CLND on nodal basin disease control varies considerably across different risk groups. This should be kept in mind when individual decisions for or against CLND are taken. From a historical perspective, it appears that the long-term local control rates are superior to the respective results that have been reported after therapeutic lymph node dissection for clinically enlarged lymph node metastases. This assumption is supported by our data showing a significant association between nodal tumor burden and nodal basin recurrence after positive SLNB þ CLND.
